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(54) [Title of the Invention] Display device that adjusts display luminance 
(57) [Abstract] 

[Object] To provide an adjustment means that adjusts and maintains the luminance on the display screen of a display 
device at a constant level. 

[Constitution] A display device that adjusts display luminance, provided with a display screen 1 on which images 
are displayed, a white pixel counter 4 that computes the overall luminance of the display screen 1 based on the 
number of white pixels displayed in the image displayed on the display screen 1, and with a light-adjusting circuit 6 
that adjusts and maintains the luminance on the display screen 1 at a constant level in response to the white pixel 
counter 4. 

[Claims] 

[Claim 1] A display device that adjusts display luminance, provided with: 
a display screen on which images are displayed, 

a computation means that computes the overall luminance of said display screen based on the number of pixels 
displayed as white in the image displayed on said display screen, and with 

an adjusting means that adjusts and maintains the luminance on said display screen at a constant level in response to 
said computation means. 

[Claim 2] The display device that adjusts display luminance described in Claim 1, wherein said display screen is 
comprised of a liquid crystal display device. 

[Claim 3] A display device that adjusts display luminance, provided with: 
a display screen on which images are displayed, 



' ILC Note - Alternative reading of this name is "Katsu." 
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a detection means that detects both the brightness of the area surrounding said display screen and the display 
luminance on said display screen, and with 

an adjusting means that adjusts the display luminance and contrast on said display screen to the optimum levels in 
response to said detection means. 

[Claim 4] The display device that adjusts display luminance described in Claim 3, wherein said display screen is 
comprised of a liquid crystal display device, and a means is provided that reduces the transmittance of said liquid 
crystal display device by reducing the drive voltage for said liquid crystal display device when the display 
luminance of the area displayed in white on said display screen is lower than a predetermined threshold value. 

[Claim 5] The display device that adjusts display luminance described in Claim 3, wherein said display screen is 
comprised of a liquid crystal display device, and a means is provided that increases the transmittance of said liquid 
crystal display device by increasing the drive voltage for said liquid crystal display device when the display 
luminance of the area displayed in black on said display screen is higher than a predetermined threshold value. 

[Detailed Explanation of the Invention] 
[0001] 

[Industrial Field of Application] The present invention relates to display devices that constitute light sources on their 
own or are provided with an illuminating source, such as CRTs, EL displays, and liquid crystal display devices 
(LCD) with a backlight. 

[0002] 

[Related Art] Means of automatically adjusting the display luminance have been know, including those that use a 
light sensor to detect the ambient brightness or display luminance and adjust the light volume based on the 
information obtained. 

[0003] Japanese Patent Application No. S63-94228 describes a means that detects the ambient brightness and 
adjusts the luminance accordingly. FIG. 6 is a conceptual diagram for this means. The display luminance is 
increased when the area surrounding the display device is brighter than the standard usage environment, and is 
decreased when the surrounding area is darker. 

[0004] The invention described in Japanese Patent Application No. H3-296717 detects the luminance of the display 
surface and feeds this information back to a luminance-controlling circuit. FIG. 7 is a conceptual diagram for this 
method. Although the primary object of this invention is the automatic contrast adjustment of an LCD, it is implied 
that the invention can also be applied to automatic adjustment of backlight luminance. 

[0005] 

[Problems that the Invention is to Solve] The nominal display luminance also depends on the display content. 
Specifically, if the display content contains a large white area (the light-emitting area, or the area where the 
illuminating light is transmitted in the case of an LCD with a backlight), the luminance of the overall display screen 
increases. Conversely, if the amount of white area is small, the luminance of the overall display screen decreases. 
Since the aforementioned luminance adjustment technologies have not taken this issue into consideration, their 
adjusted luminance levels do not necessarily match the value that is considered appropriate. 

[0006] The present invention has been conceived in light of this situation, and its object is to maintain the display 
luminance at a constant level even when the display content varies, by detecting the size of the white area inside the 
displayed pattern and feeding this information back to a luminance-adjusting circuit. Thus, the present invention can 
provide the optimum display luminance. 

[0007] 

[Means of Solving the Problems] The invention described in Claim 1 is a display device that adjusts display 
luminance, provided with: a display screen on which images are displayed, a computation means that computes the 
overall luminance of said display screen based on the number of pixels displayed as white in the image displayed on 
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said display screen, and with an adjusting means that adjusts and maintains the luminance on said display screen at a 
constant level in response to said computation means. 

[0008] The invention described in Claim 3 is a display device that adjusts display luminance, provided with: a 
display screen on which images are displayed, a detection means that detects both the brightness of the area 
surrounding said display screen and the display luminance on said display screen, and with an adjusting means that 
adjusts the display luminance and contrast on said display screen to the optimum levels in response to said detection 
means. 

[0009] 

[Operation of the Invention] The present invention is provided with a means that computes the brightness of the 
overall screen based on the number of pixels displayed in white inside the displayed image, and which adjusts and 
maintains the display brightness at a constant level based on the computed information. In addition to said means, 
the present invention is also provided with a means that detects the ambient brightness and the luminance of the 
display screen by means of light sensors, and sets the display luminance and contrast to the optimum values based 
on the detected information. 

[0010] 

[Embodiments] The present invention is explained in detail below based on the embodiments illustrated in the 
drawings. Note that the present invention is not in any way restricted by these embodiments. 

[001 1] When the present invention is implemented and the display luminance is kept at a constant level, the nominal 
brightness of the screen increases in proportion to the size (the number of white pixels) of the white area (the light- 
emitting area, or the area where the illuminating light is transmitted in the case of an LCD with a backlight). The 
graph in FIG. 1 shows the relationship between the number of white pixels and the screen brightness. Note that the 
horizontal axis in FIG. 1 shows the ratio (0% to 100%) between the total number of pixels and the number of white 
pixels. In order to prevent such display content from causing fluctuations in the display brightness, a means of 
compensating the luminance based on the number of white pixels is provided. FIG. 2 shows an example of this 
luminance compensation characteristic. The luminance is compensated in inverse proportion to the number of white 
pixels, keeping the brightness of the display constant regardless of the number of white pixels, as shown in FIG. 3. 
Note that when the displayed image has an extremely small white area and is almost completely black (area A in 
FIG. 2 and FIG. 3), luminance compensation is not carried out. This is because increasing the luminance too much 
would cause the white area to become too bright or the black area to become bright, making the image more difficult 
to see. Likewise, when the displayed image has an extremely large white area and is almost completely white (area 
C in FIG. 2 and FIG. 3), luminance compensation is not carried out since reducing the luminance too much would 
cause the white area to become too dark, thereby reducing the contrast and making the image more difficult to see. 

[0012] First embodiment 

In this embodiment, the present invention is implemented in an LCD with a backlight. FIG. 4 shows the first 
embodiment of the present invention. The display process in this embodiment is described below. Numerals 1 and 2 
indicate an LCD and a backlight light source, respectively. 

[0013] An LCD driver 7 turns each pixel of the LCD 1 ON or OFF based on the picture data stored in the VRAM 3, 
displaying an image on the LCD. The LCD driver 7 also adjusts the display contrast by controlling the drive voltage 
for the LCD 1, but the adjustment value is manually set by the user (a manual adjustment means such as a rotating 
knob is provided). 

[0014] The process of turning ON/OFF and adjusting the light volume of the backlight is described below. 

[0015] A light-adjusting circuit 6 can vary the luminance of the backlight light source 2 by varying the power supply 
voltage of the backlight light source 2 or the driving duty ratio. This luminance setting is performed manually by the 
user (a manual adjustment means such as a rotating knob is provided). 

[0016] On the other hand, the actual luminance setting is compensated depending on the display content. This 
compensation value is provided to the light-adjusting circuit 6 by a white pixel counter 4 and a compensation-value 
generation logic 5. The white pixel counter 4 counts the total number of pixels displayed as white over the entire 
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screen, using the image data supplied from the VRAM 3, and the compensation-value generation logic 5 generates a 
compensation value based on the white pixel count (by referencing the White pixel - Luminance compensation value 
characteristic table shown in FIG. 2) and outputs a luminance compensation signal to the light-adjusting circuit 6. 
Note that the white pixel counter 4 receives synchronization signals from the LCD driver 7 so that it can reset and 
update the counter value for each frame in the display image. 

[0017] Second embodiment 

FIG. 5 is a block diagram of the second embodiment. In this embodiment, the present invention is combined with 
the conventional luminance/contrast control method that is based on the ambient light and display luminance, so that 
luminance/contrast control can be carried out in a completely automated manner. The display process in this 
embodiment is described below. 

[0018] An LCD driver 7 turns each pixel of the LCD 1 ON or OFF based on the picture data stored in the VRAM 3, 
displaying an image on the LCD. The LCD driver 7 also adjusts the display contrast by controlling the drive voltage 
for the LCD 1. The adjustment value is set based on the display luminance detected by a first light sensor 9. The part 
of the LCD that faces the sensor is not used for display, but is switched between white and black display at a 
constant cycle. The white and black display luminance information detected by the light sensor 9 is divided by a 
multiplexer 10, and is relayed to a contrast-controlling logic 11. Based on the luminance information, the contrast- 
controlling logic 1 1 outputs a contrast control signal to the LCD driver 7. Control is carried out based on the policy 
described below. 

[0019] (1) When the luminance of the white display is lower than the predetermined threshold value, the drive 
voltage is reduced to increase the transmittance of the LCD. 

(2) When the luminance of the black display is higher than the predetermined threshold value, the drive voltage is 
raised to lower the transmittance of the LCD. 

(3) In all other cases, the drive voltage is not changed. 

[0020] Since the contrast is controlled by the contrast-controlling logic 1 1, no manual adjustment means is provided 
for the user. The process of turning ON/OFF and adjusting the light volume of the backlight is described below. 

[0021] The light-adjusting circuit 6 can vary the luminance of the backlight light source 2 by varying the power 
supply voltage of the backlight light source 2 or the driving duty ratio, and controls the backlight luminance so as to 
maintain the LCD's white display luminance (the value detected by the first light sensor 9, divided by the 
multiplexer 10) at a constant level. 

[0022] Additionally, a light sensor 8 detects the brightness of the surrounding environment, and the luminance of the 
backlight is adjusted in proportion to the brightness of the surrounding environment. That is, the display is made 
brighter when the surrounding environment is bright, and darker when the surrounding environment is dark. 

[0023] On the other hand, the actual luminance setting is compensated depending on the display content. This 
compensation value is provided to the light-adjusting circuit 6 by a white pixel counter 4 and a compensation-value 
generation logic 5. The white pixel counter 4 counts the total number of pixels displayed as white over the entire 
screen, from the image data supplied from the VRAM 3, and the compensation-value generation logic 5 generates a 
compensation value based on the white pixel count (by referencing the White pixel - Luminance compensation value 
characteristic table shown in FIG. 2) and outputs a luminance compensation signal to the light-adjusting circuit 6. 
Note that the white pixel counter 4 receives synchronization signals from the LCD driver 7 so that it can reset and 
update the counter value for each frame in the display image. 

[0024] Since the display luminance is automatically adjusted by the aforementioned means, no manual adjustment 
means is provided for the user. 

[0025] 

[Effects of the Invention] The present invention maintains the display luminance at a constant level even when the 
display content varies, by detecting the size of the white area inside the displayed pattern and feeding this 
information back to the luminance-adjusting circuit. Thus, the present invention can provide the optimum display 
luminance. 
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[Brief Explanation of Drawings] 

[FIG. 1] A graph illustrating the relationship between the number of white pixels and the screen brightness in a 
display device of an embodiment of the present invention. 

[FIG. 2] A graph showing the characteristics of luminance compensation performed by a display device of an 
embodiment of the present invention based on the number of white pixels. 

[FIG. 3] A graph showing the brightness of the screen when the luminance is compensated by a display device of an 
embodiment of the present invention based on the number of white pixels. 

[FIG. 4] A block diagram illustrating the configuration of a display device of the first embodiment of the present 
invention. 

[FIG. 5] A block diagram illustrating the configuration of a display device of the second embodiment of the present 
invention. 

[FIG. 6] A block diagram illustrating the configuration of a conventional display device. 

[FIG. 7] A block diagram illustrating the configuration of a conventional display device. 

[Explanation of Symbols] 
1 : Liquid crystal display device 
2: Backlight light source 
3: VRAM 

4: White pixel counter 

5: Compensation- value generation logic 

6: Light-adjusting circuit 

7: LCD driver 

8: Second light sensor 

9: First light sensor 

10: Multiplexer 

11: Contrast-controlling logic 



[FIG. 1] 

Brightness of the overall screen 

White pixel count / total pixel count 



[FIG. 2] 

Luminance compensation coefficient 

White pixel count / total pixel count 



[FIG. 3] 

Brightness of the overall screen after compensation 

White pixel count / total pixel count 



[FIG. 6] 

(Ambient light) Light sensor 

Backlight light source Light-adjusting circuit 
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[FIG. 7] 

Transmitted light 

Light sensor Backlight light source Light-adjusting circuit 



[FIG. 4] 

2: Backlight light source 

6: Light-adjusting circuit Luminance adjustment 

5: Compensation-value generation logic White pixel count 

Luminance compensation area 
4: White pixel counter Display pixel data 

Reset 

Synchronization signal 

7: LCD driver Contrast adjustment 

Video signal, drive voltage Display image data 



[FIG. 5] 

(Ambient light) 8: Light sensor 

6: Light-adjusting circuit Luminance control signal 

5: Compensation-value generation logic White pixel count 

Luminance compensation area 
4: White pixel counter Display pixel data 

Reset 

Display range 2: Backlight light source 

For luminance detection (white and black are displayed alternately) 
9: Light sensor 

(Transmitted light) 

Synchronization signal 

7: LCD driver Contrast control signal 

Video signal, drive voltage Display image data 

1 1 : Contrast-controlling logic 
Contrast adjustment area 

(White) 10: Multiplexer 
(Black) 
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